Objective: A long-hypothesized pathway through which low socioeconomic status (SES) harms health is through dysregulation of the physiologic stress response systems. No previous studies have tested this hypothesis by investigating cortisol reactivity and recovery to acute stress in relation to SES at different times in the life course in adults. Alteration of the cortisol response to an acute stressor could signal dysregulation of the hypothalamic-pituitary-adrenal axis and has been associated with chronic illness. Methods: We used data on 997 adults 54 years or older from a multiethnic, multisite United States study to examine associations between life course SES and cortisol response to a laboratory stress challenge. Informed by life course theory, we hypothesized that lower child and adult SES would be associated with lower reactivity (i.e., smaller increase in cortisol) and a slower recovery rate (i.e., slower rate of decline in cortisol after the challenge). Results: In demographics-adjusted multilevel piecewise linear regression models, low child and adult SES were associated with a 19% (95% CI = 4%-50%) and 27% (7%-55%) slower recovery rate compared with high child and adult SES, respectively. Compared with participants with stable high SES, those with stable low SES had a 48% (16%-70%) slower recovery rate. Differences in reactivity by SES were small. Conclusions: Our results support the hypothesis that low SES throughout life affects the hypothalamic-pituitary-adrenal axis and in turn the ability to recover from exposure to acute stressors. This mechanism can help explain how socioeconomic disparities contribute to disparities in chronic disease.
INTRODUCTION L
ow adult socioeconomic status (SES) is robustly related to poorer health and higher mortality compared with high adult SES (1, 2) . There is increasing evidence that child SES and patterns of SES throughout the life course also have profound influences on later health (3) (4) (5) . One pathway through which low SES may contribute to chronic illnesses and mortality is through psychological and physiological responses to stressors. Social stress theory was developed to explain why individuals with disadvantaged social status, including low SES, tend to have worse health than individuals with higher status (6, 7) . A key component of social stress theory is the differential exposure hypothesis, which states that members of socially disadvantaged groups are exposed to more stressful life events and chronic stressors (6, 8) . Indeed, a substantial body of evidence has shown that adults with low SES are exposed to more stressors than their higher status peers (see 9 for a review), and a smaller but growing body of evidence suggests that children with low SES have greater stress exposure than children from more advantaged families (see 10 for a review). At the same time, individuals with low SES have less access to social and material resources that would help mitigate the effects of these stressors (4, 11, 12) . This chronic exposure to stressors, coupled with a lack of resources for dealing with them, can result in dysregulation of the body's ability to respond to new chronic or acute stressors. This alteration of the physiologic stress response systems contributes in turn to chronic illnesses such as cardiovascular disease (13) .
Using measures of the hormone cortisol as a biomarker can allow us to measure dysregulation of the stress response associated with low SES. Cortisol is produced by the hypothalamic-pituitaryadrenal (HPA) axis, a neuroendocrine system that contributes to the physiologic stress response (14) . Cortisol typically follows a diurnal cycle in which it rises quickly after wakeup, peaks within approximately 30-45 minutes, and declines gradually throughout the day, reaching the lowest level in the evening. In response to an acute stressor (generally tested in a laboratory setting), salivary cortisol levels typically increase sharply and then return to baseline levels after the threat has passed (15) . Variation in the degree of increase or the ability to successfully return to baseline levels can be a marker of dysregulation of the HPA axis (13, 16) . This dysregulation can then potentially lead to increased cardiovascular risk through increased insulin resistance, visceral adiposity, and/or hypertension (17) .
Allostatic load theory, which posits that repeated or prolonged exposure to stressors results in "wear and tear" that interferes with the body's ability to maintain stability in the face of environmental changes, suggests that exposure to stressful environments will initially lead to hyperreactivity of the HPA system, as indicated by greater cortisol reactivity to a stress challenge (13) . However, prolonged exposure may ultimately result in hyporeactivity of the stress response systems, as indicated by a blunted cortisol response to a stress challenge (13) . Both exaggerated and blunted cortisol responses to acute stressors in laboratory settings have been related to previous exposure to stressful life events (18, 19) . These contrasting results may reflect differences in the timing of the life events and subsequent process of stress response dysregulation (as suggested by allostatic load theory) and highlight the fact that meaningful deviations from the typical response may vary in direction.
Research on how cortisol responses to acute laboratory stressors relate to SES is lacking. Alterations in diurnal cortisol patterns have been related to low SES in several study populations, although the literature is quite mixed (20, 21) . A handful of studies have examined how life course SES exposure relates to diurnal cortisol patterns, relying on single-sex or racially/ethnically homogenous cohorts (22) (23) (24) (25) . To our knowledge, no previous studies have examined acute cortisol reactivity or recovery to a laboratory stressor in relation to life course SES. This gap in the literature limits our ability to understand how the acute stress response, a major theorized mechanism to explain well-documented associations of life course SES with cardiovascular disease and other chronic illnesses, gets "under the skin" to create socioeconomic health disparities. Although there is some evidence that some aspects of the diurnal cortisol profile are related to the cortisol response to an acute stressor, they are distinct processes that may relate differently to overall health and the development of chronic disease (26) .
We addressed this gap by using data from a multisite, multiethnic study of older adults in the United States (US) to investigate how SES in childhood and adulthood is associated with cortisol reactivity in response to a cognitive stress challenge in a laboratory setting. Cortisol levels rise sharply and then gradually return to the basal level in response to an acute stressor. Because there is still uncertainty about which characteristics of this pattern vary by SES, as well as which are most relevant for future health, we used measures of both reactivity and recovery (described hereinafter) to characterize variations in the cortisol response by child and adult SES.
Drawing on life course epidemiology theory, we also used several measures of SES that represent three different mechanisms through which SES may affect the acute stress response over time (3, 27) . First, using parent education reported by study participants as a proxy for child SES and participant education, income, and wealth as measures of adult SES, we first examined independent associations of child and adult SES with the cortisol outcomes. We used these associations as a broad test of the "latent effect" mechanism through which low SES during one or the other life period may be particularly salient for the cortisol stress response (3). We hypothesized that in this older population, compared with higher SES, lower SES in childhood and adulthood would each be independently associated with a blunted cortisol reaction in response to a stress challenge (i.e., a smaller increase in cortisol) but a slower recovery (i.e., return to basal cortisol level). Second, we investigated cumulative life course exposure to low SES by combining the child and adult SES measures; we hypothesized that compared with higher cumulative SES, lower cumulative SES (regardless of the timing) would be associated with the same pattern of blunted response and slow recovery. Third, we tested specific trajectories of SES that reflect experiences of upward and downward social mobility (27) . We hypothesized that a pattern of downward social mobility would be associated with blunted response and slow recovery.
METHODS

Study Population
Data came from the Multi-Ethnic Study of Atherosclerosis (MESA) Stress II Study, an ancillary study to the MESA cohort study. MESA is a six-site cohort study of older adults designed to study subclinical and clinical cardiovascular disease. There were five waves of data collection, with the baseline wave in 2000-2002 and wave 5 in 2010-2012. Study design details are available elsewhere (28) . The MESA Stress II Study was conducted in 2010-2012 in three of the MESA sites (New York, Los Angeles, and Baltimore) and included non-Hispanic white, non-Hispanic black, and Hispanic participants aged 54-93 years (29) . All participants gave written consent for participation. There were 1040 participants in the stress challenge portion of the study. We excluded participants with missing time of cortisol collection (n = 1) or who did not complete the entire stress challenge or were colorblind (n = 42, one of the tests in the challenge required color recognition), giving an analysis sample of 997.
Procedure
Participants completed a cognitive stress challenge consisting of two 6-minute tasks (a math test and a Stroop test) separated by a 6-minute rest period (30) . The order of the tests was automatically and randomly selected at the time of data collection for each participant. Participants then underwent an orthostatic stressor (i.e., physiologic challenge) by standing and remained standing quietly, supported by a wall if necessary. Stress challenge start times ranged from 10:35 AM to 7:17 PM, with the large majority 11:00 AM to 6:00 PM.
Cortisol levels were measured using a standardized protocol during the laboratory stress challenge using saliva samples collected using Salivette collection tubes. Salivary cortisol was measured four times, as shown in Figure 1 : at baseline (Y 1 : 0 minutes), after the second stress challenge task (Y 2 :~38 minutes after baseline), 6 minutes after the orthostatic stressor (Y 3 :
55 minutes after baseline), and 30 minutes after the third measurement (Y 4 :~85 minutes after baseline).
Measures
Cortisol
Our outcome variable was the log-transformed cortisol sample concentration (nanomole per liter), with each cortisol sample treated as a separate observation (i.e., four observations per person). Samples were stored at −20°C until analysis. They were then thawed and centrifuged at 3000 rpm for 3 minutes to obtain clear saliva with low viscosity. A commercially available chemiluminescence assay with sensitivity of 0.16 ng/mL was used to determine cortisol levels, measured in nanomole per liter. Intra-and interassay coefficients of variation were less than 8% (29) .
Socioeconomic Status
Our choices of measures of SES were guided by previous research on life course SES and health in this cohort (31) and other studies (32) (33) (34) (35) (36) (37) , as well as by the availability of SES indicators in this study. Child SES was measured using a single item of father's or caregiver's education level reported by participants during the second MESA examination. Participants were asked to think about their father or caregiver when they were a child up to age of 5 years and to report the person's highest educational level completed. We combined the six response options into the following three categories: 0 = less than high school, 1 = high school degree, or 2 = high school degree or higher. Adult SES, for which additional indicators were available, was measured using a composite index incorporating information on participant education, income, and wealth (31) . Education was coded 0 = high school or less, 1 = some college but no degree, 2 = associate or bachelor's degree, or 3 = graduate/professional degree. Annual household income was coded as the following: 0 = <US $25,000, 1 = US $25,000-$39,999, 2 = US $40,000-74,999, or 3 = ≥US $75,000. Wealth was coded as the sum of the following four indicators: (1) participant owned own home; (2) participant or family had investments such as stocks, bonds, mutual funds, or retirement investments; (3) participant or family owned any land, business property, apartments, or houses other than their residence; and (4) participant or family owned a car. The three adult SES measures were then summed to create an index ranging 0-10, then categorized as low (0-2), medium (3-6), or high (7) (8) (9) (10) .
The measure of cumulative SES was the sum of the three-category child SES (coded 0-2) and three-category adult SES (coded 0-2) measures, giving a total range 0-4. To measure SES trajectories, we created the following trajectories based on cross-classifications of the three-category child and adult SES measures: stable low (low-low, i.e., low child SES and low adult SES), upward mobility (low-high, low-medium, or medium-high), downward mobility (high-low, high-medium, or medium-low), stable medium (medium-medium), and stable high (high-high).
Covariates
Models were adjusted for age in years, sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic), and nativity (US or foreign born).
Analysis
We addressed missing data (Table 1 ) using multiple imputation with 25 imputations using a chained equations approach in IVEware software (38, 39) . All other analyses were conducted using SAS Version 9.3 software.
We used piecewise linear mixed-effects models to examine unadjusted and adjusted associations between the SES measures and log-transformed cortisol concentration. The piecewise models included three time splines (see Fig. 1 : baseline to second sample, second sample to third sample, and third sample to fourth sample) and included the individual sociodemographic variables (age, sex, race, nativity, and SES) and their interactions with each of the time splines. In addition, the models included participant-level random intercepts and random slopes for each time spline to account for within-person correlations between cortisol samples. We estimated robust standard errors.
Using these models, we tested our hypotheses by examining two features of the cortisol reactivity curve, the stress reactivity response to the cognitive challenge (second sample -baseline sample) and the recovery rate ([fourth sample -second sample]/hour). We also used likelihood-ratio tests to test overall improvement in model fit by inclusion of the SES measures.
We ran three types of models corresponding to the three hypothesized life course mechanisms. Latent effect models included three-level child and adult SES as separate measures, with high SES as the referent group for both; we tested models with and without adjustment for SES during the other period. The models adjusting for the other time period (i.e., including both child and adult SES) allowed us to test whether child and adult SES were each associated with the outcomes independent of SES for the other period. In particular, associations of child SES with the outcomes Continued on next page after adjustment for adult SES would give evidence suggesting a latent effect of child SES on the cortisol stress response that was independent of adult SES. Cumulative SES models included indicators for the five levels of cumulative SES, with the highest as the referent group. These models served as a test of a "dose-response" mechanism through which exposure to lower SES is associated with the stress response irrespective of the timing of the exposure. Trajectory models included indicators for the trajectory groups, with stable high as the referent group. These models allowed us to test how specific trajectories of SES (e.g., upward and downward mobility) were associated with the cortisol response.
Sensitivity Analyses
We tested the robustness of our results to additional adjustment for study site, time of day, and use of steroids and hormone replacement therapy.
We also tested models excluding cortisol observations of less than 1st or greater than 99th percentile of the sample distribution. We also conducted a sensitivity analysis to assess the extent to which the fact that our child SES measure (based solely on father's education) was less comprehensive than our adult SES measure (including participant education, income, and wealth) might have affected our results. To do this, we repeated analyses using participant education as the sole measure of adult SES, categorized the same way as the child SES measure, to increase comparability between the measures.
RESULTS
The sample had M (SD) age 69.3(9.0) years and was 55% female and racially/ethnically diverse: 41% Hispanic, 32% non-Hispanic black, and 28% non-Hispanic white ( (Table 1) . More than half (60%) of the sample had low child SES (i.e., father with less than a high school degree), whereas 61% had themselves attained education beyond high school. Prevalence of wealth indicators ranged from 29% who owned their own home outright (in the imputed sample) to 79% who owned a car. The most prevalent SES trajectory was upward mobility (49%), followed by stable low (19%), downward mobility (13%), stable high (11%), and finally stable medium (9%). Participants with low cumulative SES were more likely to be Hispanic or foreign born and to live in Los Angeles or New York. Table 2 shows results from models using separate measures of child and adult SES to test the hypothesis that child and adult SES are associated with the cortisol stress response independent of each other. Results are presented as percent differences in the outcome relative to the high SES referent group. There was little evidence that lower child or adult SES was associated with stress reactivity: point estimates were small and not statistically significant at α value of 0.05. Point estimates for child SES were negative, suggesting lower stress reactivity among participants with lower SES (consistent with our hypothesis), but the opposite was observed for adult SES.
Latent Effect Model
There was more consistent evidence that lower child and adult SES were associated with slower recovery (the positive associations indicate less-negative hourly changes-i.e., slower declines-in cortisol concentrations after the stress challenge). Associations were slightly larger in magnitude after adjustment for covariates (Table 2 , model 2) and remained similar after adjustment for SES during the other period (Table 2, c Includes any land, business property, apartments, or houses other than own residence.
d Measured using father's education: low = <high school, medium = high school, high = >high school.
e Sum of education (in categories shown, scored 0-2), household income (in categories shown, scored 0-3), and wealth indicators: low = 0-2, medium = 3-6, high = 7-10.
f Sum of child SES (scored 0-2) and adult SES (scored 0-2). For columns, low is defined as 0-1 and high is defined as 2-4.
g Stable low = low-low (i.e., low child SES, low adult SES); stable medium = medium-medium; stable high = high-high; upwardly mobile = low-medium, low-high, or mediumhigh; downwardly mobile = high-medium, high-low, or medium-low.
medium child SES was associated with a 3% (95% confidence interval = −12% to 45%) slower hourly decline in cortisol concentration during the recovery period and low child SES was associated with a 18% (3% to 49%) slower hourly decline, independent of adult SES. Compared with high adult SES, medium and low SES were associated with 13% slower (0% to 47%) and 27% slower (8% to 55%) hourly declines, respectively, independent of child SES. Estimates were somewhat larger for adult than child SES. In addition, model fit was more improved by the addition of adult SES than by the addition of child SES: model 3 mean p = .41 (range = .19 to .66) across imputations for child SES and mean p = .02 (range = .005 to .09) for adult SES. Therefore, although low child SES was related to slower recovery compared with high child SES, there was weak evidence that the inclusion of the child SES measures significantly improved overall model fit while there was more robust evidence for adult SES.
Cumulative SES Model
Results for cumulative SES were consistent with those for the latent effect model (Table 3) . Stress reactivity was not related to cumulative SES. Lower cumulative SES was consistently related to slower declines in cortisol during recovery in a dose-response manner. In the adjusted model (Table 3 , model 2), hourly declines in cortisol compared with the highest cumulative SES group (score = 4) ranged from 16% (−6% to 52%) slower for a score of 3 to 52% (20% to 71%) slower for a score of 0.
SES Trajectory Model
Results for SES trajectories were also generally consistent with the other models (Table 4) . SES trajectories were weakly and inconsistently associated with stress reactivity. For stress recovery, all trajectories had positive point estimates, suggesting slower recovery compared with the stable high trajectory. Compared with stable high SES, stable medium SES was associated with a 14% (−12% to 54%) slower hourly decline during recovery and stable low SES was associated with a 46% (15% to 68%) slower hourly decline. Estimates for downward and upward mobility were similar to each other: 35% (9% to 61%) and 27% (7% to 56%) slower than stable high SES, respectively.
Sensitivity Analyses
Additional adjustment for study site, study start time, or steroid or hormone replacement therapy use yielded nearly identical results (data available upon request). Exclusion of observations below the 1st or above the 99th percentile of the log-cortisol distribution also produced similar estimates; point estimates tended to be slightly attenuated (although patterns of statistical significance at α = .05 were unchanged), as would be expected given the lesser variability in the restricted sample (data available upon request).
Results from the sensitivity analysis using only participant education as the measure of adult SES followed the same patterns as those in the primary analysis but were attenuated (see Appendix, For reactivity, a positive point estimate indicates higher reactivity (i.e., a larger increase in cortisol). For recovery rate, a positive point estimate indicates slower recovery (i.e., a less-negative hourly change in cortisol). Supplemental Digital Content 1, http://links.lww.com/PSYMED/ A428). Attenuation was most evident in the latent effect models (Appendix , Table A2 , Supplemental Digital Content 1, http:// links.lww.com/PSYMED/A428), where associations between low adult SES and the recovery rate were minimal and smaller than associations with low child SES.
DISCUSSION
In a multiethnic sample of older adults living in the US, lower child and adult SES was inconsistently related to cortisol reactivity in response to a cognitive stress challenge but was related to slower cortisol recovery after the challenge. These results were supported across three types of models reflecting the following three hypothesized life course mechanisms: latent effect, cumulative, and trajectory. Taken together, results from the three types of models give clearest support for a cumulative effect of SES over time on the body's ability to recover after exposure to an acute stressor. This is most readily evident in the cumulative SES models, which showed that when the two periods were combined, there was a clear dose-response relationship between lower life course SES and slower cortisol recovery. Trajectory models also showed the strongest associations for the contrast of stable low versus stable high SES. Estimates for upward and downward mobility were intermediate and were similar to each other, suggesting that the "dose," rather than the specific pattern, of SES may be of importance. Similarly, in the latent effect models, low child and adult SES were both associated with slower recovery compared with high SES in the same period while associations for medium versus high SES were weaker. The weak associations for medium SES may be consistent with a threshold effect of SES within a specific period. Socioeconomic status is a complex, multifactorial construct, and there is no consensus on how best to measure it or to combine multiple SES indicators in studies of health (4,32,33,40) . As an indicator of SES, education has the benefit of being easily measurable and applicable across the socioeconomic spectrum, relatively stable over time, and less susceptible to reverse causation than measures such as income or wealth (33) ; it has also been called the most "basic" measure of SES because of its influence on later occupation, income, wealth, and social standing (2). However, education may still represent only some aspects of SES. Therefore, comparison of our results for child versus adult SES requires caution because the measure of adult SES used in our primary analyses was more comprehensive than our measure of child SES (a single measure of father's/caregiver's education) and may therefore have better captured any influence of SES on the stress response. This is consistent with the attenuated results for adult SES we observed in the sensitivity analysis using participant education as the sole measure of adult SES. It is possible that the weaker results for child SES compared with adult SES are driven by limitations in the childhood SES measure we used (use of education as the single indicator plus reduced ability to capture variability in childhood SES). There may also have been more misclassification of the child SES measure because of inaccurate recall by participants of their father's education or if the father/caregiver was not living with or contributing financially to the family. However, there is evidence that adults tend to recall their parents' SES accurately (37, 41) .
Although the multiple cortisol samples in our study were a strength, as in previous laboratory challenge studies (15) , we depended on point-in-time cortisol measurements and therefore could not fully capture the cortisol response and recovery curve for each individual. In our study, there was some indication of higher cortisol levels at the third measurement (Y 3 ) than the second measurement (Y 2 ) among lower SES participants (Fig. 1) . Through our modeling strategy, we assumed that these Y 3 values resulted from the physiologic stressor (i.e., the orthostatic challenge) and did not include them in our measure of the cortisol response, but it is possible that they also reflect the cognitive stressor, our exposure of interest, to some degree. It is not possible with these data to parse out the relative contributions of the two stressors to the third sample. In a post hoc descriptive analysis in which cortisol reactivity for each individual was defined more flexibly as the higher of the second or third measurement, differences between cumulative SES groups in mean reactivity did not vary in a graded manner and were not statistically significant. More generally, measured cortisol responses have differed across studies depending on the time of measurement after the stressor (15) .
Our analysis was also subject to other limitations, many of which are shared with other studies of life course SES (3). We were limited to measures of SES corresponding to two periods-age 0-5 years and the time of the interview-which limited our ability to characterize patterns of SES throughout the life course. The strong graded result between cumulative SES and the outcome may largely reflect strong effects of adult SES, because cumulative SES models do not distinguish between SES at different times. In addition, the latent effect models do not capture the fact that effects of child SES may be mediated by adult SES. Statistical power, particularly in the trajectory models, may have been limited by the rarity in the population of some patterns of SES; some studies have addressed this by explicitly recruiting participants with different socioeconomic backgrounds (42, 43) . Although we observed consistent differences in the cortisol response between groups, the overall response elicited in the laboratory challenge was modest; previous research has found that group differences may vary depending on the type of stressor (44) . The stressor we used may not have been the best one to elicit the types of stress responsivity differences most likely to be affected by life course SES. Finally, although the multiethnic nature of our sample was a strength, we did not explicitly examine differences between racial/ethnic groups in associations between SES and the cortisol stress response. Future research doing so is warranted, because the salience and effects of various aspects of SES for health may vary across groups (45) (46) (47) . Despite these limitations, strengths of our study were the relatively large, multiethnic study sample and our ability to incorporate multiple measures of adult SES and control for important sociodemographic confounders. Although most empirical studies on chronic stress and responses to acute laboratory stressors have not included an extended recovery period, one study using data from the Whitehall II cohort found that occupational role uncertainty was related to slower recovery after a laboratory stress challenge (48) . Of the handful of studies examining life course SES and diurnal cortisol patterns, DeSantis et al. (25) found in a Philippines-based cohort that lower life course SES was associated with a flatter diurnal cortisol decline while Franz et al. (23) did not find an association and two other studies did not specifically examine the slope (22, 24) .
The inconsistent results we observed for cortisol reactivity mirror the mixed findings of previous research examining chronic stress and stressful life events (18, 19, 44, 49) . This literature has tended to support associations of stressful life events and chronic stress with heightened cortisol reactivity in children but blunted reactivity in adults (44) . This is consistent with allostatic load theory, which would predict hyperreactivity initially but hyporeactivity as either more time passes between the experienced stressors and the reactivity measurement or as the stressors are experienced for a longer period.
The stronger associations we observed for recovery compared with reactivity are analogous to animal and human models of aging and HPA axis function, which show little effect of age on cortisol reactivity but consistent evidence that aging is related to slower recovery after acute stress (50) . One hypothesized mechanism is that continued exposure to glucocorticoids such as cortisol-which occurs over time with aging but could also occur through repeated or sustained exposure to stressors-causes declines in concentrations of glucocorticoid receptors in the hippocampus, compromising negative feedback mechanisms of the HPA axis (50) . In this way, cumulative exposure to stressors associated with low SES may interfere with the physiological ability to maintain allostasis.
Our hypothesis that life course SES is related to stress reactivity relied on previous evidence that low-SES individuals experience higher exposure to stressful events and conditions while also having lower access to resources for dealing with them (4, 6, 9) . Future research may complete the puzzle by measuring the specific nature and timing of stressors experienced by individuals with low SES at various life stages, and determining how and when these different stressors contribute to HPA axis dysregulation. For example, a chronic stressor such as living in overcrowded or decrepit housing may exact a different toll than repeated exposure to discrete traumatic events. A meta-analysis of relations between chronic stressors and diurnal cortisol found that associations varied depending on the timing, nature, and controllability of the stressor (51) . It also remains to distinguish between the roles of SES in increasing exposure to stressors, decreasing access to coping resources, and changing the contexts in which stressors are encountered and interpreted (52) . Finally, alterations in cortisol levels and changes have been related to cardiovascular risk factors such as obesity, inflammation, and diabetes and to measures of subclinical cardiovascular disease including coronary artery calcification and ankle-brachial index (19, 44, (53) (54) (55) . However, research is still needed to fully characterize the mechanisms through which HPA axis dysregulation contributes to cardiovascular and other chronic diseases.
We found across models representing three different hypothesized life course mechanisms that among older adults, recovery to baseline cortisol levels after exposure to an acute laboratory stressor was slower among those who had experienced lower SES in childhood and adulthood. These associations followed a graded pattern, so that differences in recovery rate were most pronounced between those who had experienced the highest and lowest SES across the two periods. Our findings support alteration of the body's response to acute stressors as one possible mechanism through which socioeconomic circumstances become incorporated into the biological processes underlying disease progression. Identifying and further elucidating such mechanisms are challenging (32) but are ultimately necessary to move beyond simply documenting socioeconomic health disparities to taking action to reduce the translation of socioeconomic inequality into population health inequities.
